SUMMARY Intradermal injection of purified protein derivative produced typical delayed type hypersensitivity reactions in five healthy human subjects. The The results suggest that there is no subset selection in the initial emigration of lymphocytes through vascular endothelium in the delayed hypersensitivity reaction, but that the subsets behave differently during the subsequent migration through the tissues. It remains to be determined whether the extent to which T8 cells migrate more rapidly than T4 cells through the tissues may influence the reaction at the site of entry of organisms or antigens into the body by altering the balance of the immunoregulatory lymphocyte subsets. This may underlie some of the differences in susceptibility to infection between subjects and determine the type of granuloma that develops in a particular patient.
SUMMARY Intradermal injection of purified protein derivative produced typical delayed type hypersensitivity reactions in five healthy human subjects. The major subpopulations of lymphocytes and certain accessory cells were located in frozen sections of biopsies of the lesions with monoclonal antibodies and immunohistochemical staining. The densities (expressed as number/ unit area for comparison) of the different types of cells were counted at various microanatomical locations in the tissue. The inflammatory cells were concentrated in narrow zones, initially (24 h) only surrounding small blood vessels but later (48-96 h) also around sweat ducts. Lymphocytes were the predominant cell type at these sites with T4 and T8 cells randomly intermixed at a ratio similar to that in the mononuclear cell fraction of the peripheral blood samples removed at the time of biopsy. There was also a scanty diffuse infiltrate in the intervening dermis, but here the T4:T8 ratio was significantly lower than that in the peripheral blood or perivascular cuffs. There was considerable intersubject variation in the relative preponderance of T8 cells in the diffuse infiltrate.
The results suggest that there is no subset selection in the initial emigration of lymphocytes through vascular endothelium in the delayed hypersensitivity reaction, but that the subsets behave differently during the subsequent migration through the tissues. It remains to be determined whether the extent to which T8 cells migrate more rapidly than T4 cells through the tissues may influence the reaction at the site of entry of organisms or antigens into the body by altering the balance of the immunoregulatory lymphocyte subsets. This may underlie some of the differences in susceptibility to infection between subjects and determine the type of granuloma that develops in a particular patient.
Delayed hypersensitivity is a frequent component of chronic inflammatory disease, but it is often difficult to interpret the lesions of spontaneous disease since the current cellular infiltrate is superimposed on the scars and residues of previous reactions. Skin After washing and staining with propidium iodide (0-5 g/l) in 0-1% sodium citrate,7 the proportion of fluorescein isothiocyanate stained and unstained cells was determined in a flow cytofluorimeter (Model 50H, Ortho Diagnostics, Westwood, MA, USA) with the gate set to include only nucleated particles.
Results

DEVELOPMENT OF DERMAL INFLAMMATION
This was studied in one subject with biopsy samples taken at 24, 48, 72, and 96 h after injection of purified protein derivative. All biopsies showed a dermal chronic inflammatory infiltrate which became progressively more intense during the period of study and had a distribution characteristic of a delayed hypersensitivity reaction (Fig. la) . The inflammatory cells and exudate were concentrated in spaces where the dermal collagen bundles had been stripped away from the adventitia of the vessel or the skin appendage ( Fig. lb and c the dermis with bulla formation; eosinophilic debris and T4 markers. T8 cells were much less frequent and sparse mononuclear cells were present in the and had a random distribution within each focus bulla fluid.
( Fig. 2a and b) . In contrast, within the diffuse derMost cells in the focal infiltrates stained for T3 mal infiltrate, T8 cells were relatively more numer- (Fig. lb and c ). The T4:T8 ratio remained stable, suggesting unselective accumulation of T cell subsets in the inflammatory exudate.
INTERSUBJECT VARIATION IN CELL CONTENT OF MANTOUX REACTION
The results of counts of T lymphocyte subsets in biopsies from five volunteers are summarised in Table 2 . There was considerable variation in the percentage of the dermis occupied by perivascular infiltrate, most severe in subject 4 (19 and 21% of dermis) and least in subject 5 (9 and 12% of dermis). The packing density of lymphocytes was remarkably constant in the perivascular foci (range 16 235 to 20 907 cells/mm2), but relatively inconstant in the diffuse infiltrate in the dermis (range 468 to 1169 cells/mm2). The T4:T8 ratio in the perivascular infiltrate was not significantly different from that in the peripheral blood mononuclear cells in samples taken at the time of biopsy. In all cases there were proportionately many more T8 cells in the intervening dermis than in the perivascular cuffs (p < 0.001). The individual subjects, however, differed significantly (p < 0.001) both in the numbers and density of T8 cells (Fig. 2c and d) and in the extent of lowering of the T4:T8 ratio in the diffuse infiltrate (Fig. 3) . The T4:T8 ratios in the various parts of the sections were unrelated to the clinical measurements of the size of the Mantoux reactions, to the total amount of infiltrate, or to its distribution between perivascular cuffs and the intervening dermis.
Cells stained with B 1 monoclonal antibody (putative B cells) were infrequent in all biopsies. Cells stained with OKM1 or Leu M3 monoclonal antibodies (putative monocytes/macrophages) were more numerous in the perivascular foci (density ranged from 279 to 1407 cells/mm2) than in the diffuse dermal infiltrate (88 to 389 cells/mm2), but the density and relative distribution of those cells were unrelated either to the clinical appearances of the reactions or to the measured features of the lymphocyte infiltrate. Dendritic cells bearing the T6 marker (putative Langerhans' cells) were readily identified in the epidermis (37 to 87/mm2) and infrequent in the dermis (4 to 19/mm2). The OKIal monoclonal antibody stained many components in the sections intensely, including dendritic cells and endothelial cells, and gave weak staining of many of the infiltrating lymphocytes; this reagent did not show any substantial difference between the reactions in the individual subjects and no cell counts were made.
Discussion
The introduction of monoclonal antibodies for localisation of antigens in tissue sections has been an enormous advance and has enabled much more discriminating analysis of the cell types concerned in pathological lesions. There are situations, however, where the full potential of these reagents will not be exploited until the immunocytochemical staining can be quantified either in terms of antigen content of individual cells or as precise measurements of the relative numbers of cells bearing particular markers in the microanatomical compartments of the lesion. In this paper we report a simple histometric method for analysis of chronic inflammatory infiltrates. The immunoperoxidase method was selected for visualisation of monoclonal antibody localisation since it gives a relatively permanent image; this is clearly an advantage for histometry over the immunofluorescence method used previously3 since that image fades relatively rapidly during examination. Moreover, counts from large photographic prints allow accurate delineation of the microanatomical regions in each section and have greater precision than those made with an eyepiece graticule. 5 The nature of the response to intradermal injection of purified protein derivatives depends on the current immune response of the subject; in most subjects it is a delayed hypersensitivity reaction, but in some patients with active tuberculosis it may be an Arthus reaction.89 Conventional histological sections have indicated that the Mantoux reactions studied for this paper are typical delayed hypersensitivity reactions. It is clear that most of the cells in the chronic inflammatory infiltrate are T lymphocytes and that most of the remainder are monocytes/macrophages. The T cells are first seen in a space around small blood vessels in the 24 and 46 h biopsies; the density of cells in this situation increases with time and cuffing of sweat ducts becomes prominent at 72 and 96 h. Lymphocytes " pavemented" on the endothelium were seen in vessels with perivascular infiltrate (Fig. lb) but not in the uninvolved dermal capillaries; moreover, the infiltrate was most abundant in the perivascular space in the earlier biopsies, while the diffuse interstitial infiltrate became prominent in the later biopsies. We therefore conclude that the most likely site of primary emigration is through the endothelium of the cuffed capillaries and postcapillary venules with subsequent infiltration through the dermis. Since the T4:T8 ratio in the perivascular infiltrate is not significantly different from that in the lymphocytes in the peripheral blood, we deduce that the emigration of lymphocytes through the endothelium is not selective for the major subsets of T cells and provide '" and skin granuloma,' but it is not known whether the chemoattractant is derived from lymphocytes or monocytes. '2 It is now clear that mitogen stimulated human lymphocytes release not only a lymphocyte chemoattractant'3 but also a lymphocyte migration inhibitor. '4 Human T cells migrate more rapidly towards casein than non-T-cells (B cells and "null" cells). 5 Moreover, human peripheral blood Tu lymphocytes (a subpopulation containing helper cells) migrate well, whereas the Ty cells (a subpopulation containing suppressor cells) do not respond to casein. '6 Thus, although the T,u cells migrate actively in vitro, the T4 bearing cells (which also contain the helper/inducer cells) do not appear to migrate as freely in the Mantoux reaction and remain localised in the perivascular cuffs: this apparent contradiction remains to be explained, but it is tempting to speculate whether the lymphocyte migration inhibitor'4 has a dominant role in vivo.
In the granulomas of various human diseases the T4 and T8 lymphocytes have been shown to have distinctive histological localisation,"-2' but it is not possible to draw firm conclusions on their pathogenesis from the distribution of cells at the time of biopsy because the lesions have evolved over a long time with changing distribution of antigens, waxing and waning immunological effector mechanisms, and progressive scarring. Nevertheless, the microanatomical segregation of modulating cells would be expected to exert a major control on the activity of the responding cells. It has been suggested that the peripheral segregation of T8 cells at the edge of the tuberculoid leprosy granuloma may restrict the extent of tissue damage and that diffuse admixture of T4 and T8 cells throughout the lepromatous leprosy granuloma may prevent epithelioid cell differentiation'8-21; moreover, the individual patients response is not fixed, since peripheral localisation of T8 cells appears during reversal reaction. '9 The experiments reported here show that normal 1233 subjects vary greatly in the way in which their T8 cells (a population containing the important regulatory suppressor cells as well as cytotoxic cells) migrate in the tissues after a standardised antigen exposure, but it is possible that this variable is an important factor in explaining the observed differences in response to purified protein derivative skin testing.89 It remains to be established whether the relative velocity of migration of regulatory lymphocytes determines the immediate response of the previously primed subject to the introduction of antigen into the tissues; if the suppressor influence is dominant, the patient may be more susceptible to infection and if the helper influence predominates, then hypersensitivity may result.
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